Abstract⎯On the basis of the analysis of genetic variation detectable by ISSR-PCR, the state of the gene pools of 14 populations of Roman snail Helix pomatia L. in the conditions of urbanized landscapes of the southeastern and eastern parts of the current range was examined. According to the data obtained, the majority of the studied populations of this mollusk are in satisfactory condition. This is evidenced by the increased level of genetic diversity (H e = 0.199 ± 0.025, I sh = 0.306 ± 0.035) and the high values of effective population size, calculated, on the basis of the straight-line regression equation, between the pairwise genetic and geographic distances (Ne = 2.0-4.9) that are comparable with indigenous common species of terrestrial mollusks. Despite the high level of differentiation (G st = 0.255, Φ st = 0.233, Nm = 0.822), the population distribution was not random (R m = -0.591, p = 0.0004) and corresponded to the model of isolation by distance. It is hypothesized that, in the adventitious colonies of this mollusk, effective formation of a balanced genetic structure takes place that, in the context of biological and ecological features, facilitates its adaptation to the conditions of an urban environment and the population of the new territories of Eastern Europe.
INTRODUCTION
Roman snail (Helix pomatia Linnaeus, 1758) is one of the largest land snails. The initial species range and, apparently, the center of origin of this species are the regions of Central and Southeastern Europe. The modern range of Roman snail, due to the introduction, covers the Volga region, western regions of Belarus, Ukraine, and the Baltic states, including Kaliningrad [1] [2] [3] . In addition, the mollusk has been introduced in a number of cities such as St. Petersburg, Kursk, Moscow, and Kharkiv [4] [5] [6] [7] . There are reports on introduction of H. pomatia in Finland [8] and the United States [9] , where currently the species is registered in the American Malacological Bulletin on the list of North American terrestrial gastropods [10] .
In addition to the settlements where this species was introduced, in some regions, its populations naturalized in natural forest communities with environmental or cultural-historical status. The result of the introduction of H. pomatia into alien biogeocoenoses, but as it turned out, quite suitable for naturalization of this species, was the emergence of multiple, geographically isolated populations of Roman snail that are good objects in the studies of microevolutionary phenomena occurring in modern urban landscapes.
Traditionally, large animals, which include Roman snail, attract more attention upon the development of the measures for their protection in the wild. Some authors have attributed this species to the category of species of special concern [11] . At present, Roman snail is listed in the Convention on the Conservation of European Wildlife and Natural Habitats (Bern Convention), Annex III: Protected Fauna Species (September 19, 1979) , as well as in the Council Directive (EU Habitats Directive Annex Va) 92/43/EEC of January 1, 2007. The current conservation status of the world macropopulation of H. pomatia as of 2015 at the IUCN website (http://www.iucn.org) is designated as LC (least concern) status, i.e., a species with minimal threats to its existence [12] . Nevertheless, in certain local territories, the species is the subject of protective legislation. The species is included in the lists of threatened species of Denmark, Great Britain, Latvia, Bulgaria, and Estonia. In Ukraine, it is included in the Red Book of Sumy oblast [13] . In Russia, this species is listed in the Red Book of Belgorod and Voronezh oblasts [14, 15] and is recommended for inclusion in the Red Book of Samara oblast [16] .
Apparently, the exact number of currently existing geographically isolated populations of H. pomatia is not known, but some of them are objects for ecological and genetic studies. Some studies were focused on the analysis of the population structure of this species on the basis of the analysis of morphological characters [17] [18] [19] [20] and allozyme markers [21] [22] [23] .
In our previous studies, the Roman snail population structure in the area of investigation was described by conchological traits and allozymes [24, 25] . However, the use of these definitely important markers of the population structure has a number of limitations. First, in this mollusk, metric traits of the shell are not discrete and are subjected to modification variability, which does not make it possible to trace the genetic processes occurring in studied groups. Secondly, it is known that the shell phenes and isoenzymes reflect variability of only the coding part of the genome, which, according to various estimates, constitutes about 10% of total DNA, while the rest, the socalled silent (satellite) DNA, remains out of the question. At the same time, these regions contain a great number of selectively neutral sites, which can be traced for the genetic automatic processes in the populations. The most convenient way to solve this problem is the use of ISSR DNA markers (inter simple sequence repeats) [26] , the use of which is based on the use of a primer having multiple complementary regions containing tandem repeats scattered throughout the genome. Earlier, we carried out the preliminary analysis of five Roman snail populations using two ISSR primers, which made it possible to estimate the state of the gene pools of the studied groups living in urban environment areas of the southeastern part of the current range [27] . Later on, these studies were continued.
The objective of this study was to analyze the population structure of H. pomatia in the conditions of Eastern European urban landscapes using DNA markers (ISSR) to study the microevolution phenomena occurring in the populations of the species.
MATERIALS AND METHODS
The experiments were performed using tissue specimens of Helix pomatia L., stored in the cryobank created at the Laboratory of Population Genetics and Genetoxicology, Belgorod State National Research University. Population samples were collected during the expeditions from 2006 through 2015. At the DNA loci, a total of 511 H. pomatia individuals from 14 populations were examined (Fig. 1, Table 1 ).
DNA was extracted from mantle specimens thoroughly removed from mucus. DNA was isolated using silica-based sorbent according to the instructions to the Silica uni reagent kit (Biokom, Russia). Amplification was carried out in thermal cyclers MJ Mini and MyCycler (Bio-Rad, United States). The reactions Table 2 . PCR products were separated by electrophoresis on a 2% agarose gel in ТАЕ buffer (cooled to 4°С) and at 10 V/cm for 45 min. The blocks were stained with ethidium bromide.
The amplified fragment patterns obtained in the course of electrophoresis were used for the construction of binary matrices, where the band presence was designated as "1" (allele p) and the band absence was designated as "0" (allele q). In H. pomatia, a total of 57 loci were identified ( Table 2 ). The resulting DNA patterns and their interpretation are shown in Fig. 2 .
Analysis of molecular variance AMOVA [28] and the population genetic diversity indices, such as expected heterozygosity (H e ), the mean number of alleles per locus (A), effective number of alleles (A e ), Shannon index (I sh ), and the percentage of polymorphic loci (P%), were calculated in the GenAlEx v. 6.5 software program [29] . In addition, this program was used to assess the correlation between the level of gene flow between groups and the level of pairwise genetic distances using the Mantel test [30, 31] and to calculate the Nei and Li genetic distances [32] . On the basis of the genetic distance matrix, clustering of the samples was performed using the unweighted pair-group [33] in the MEGA6 software program [34] . The degree of the population differentiation was assessed using the Nei model [35] as implemented in the POPGENE 32 software program [36] . Debets polygons were constructed using the Statistica 6.0 software program. RESULTS The parameters of genetic variation of the studied population are shown in Table 3 . According to the data obtained, there was no correlation between the genetic diversity and the geographical location of the snail groups. For instance, the most monomorphic group was the population of Kyiv (no. 10). A slightly higher level of genetic variation was observed in Kharkiv (no. 8).
The highest average expected heterozygosity and Shannon index values were characteristic of the populations from the outskirts of Prague (no. 12) and Moscow (no. 11). The highest percentage of polymorphic loci was observed in the Donets (no. 4) and Belgorod (no. 7) populations. In addition, the Donets group was characterized by the highest average number of alleles per locus, and the population from the outskirts of Wrocław (no. 14) was the leading one among the examined groups in the effective number of alleles.
Analysis of molecular variance (AMOVA) [28] based upon the data for DNA loci (Table 4) revealed rather high genetic differentiation of the populations of H. pomatia. The differences between the populations accounted for 23% of the variation, while the differentiation index Φ st was 0.233 and the gene flow parameter Nm was 0.822 individuals per generation. It should be noted that the values of these indices were somewhat different from those obtained by allozyme markers [25] , wherein the ratio between the amongpopulation variance (Vap) and within-population variance (Vwp) was 29/71%, with Φ st = 0.291 and Nm = 0.609.
In addition, the data of the molecular analysis of variance of the populations of H. pomatia at the DNA The pairwise Ф st estimates of genetic differentiation obtained on the basis of 57 ISSR loci are shown in Table 5 . It is noteworthy that the pairwise Ф st values of genetic differentiation between western groups (sites 12, 13, and 14) in 56% of cases exceeded the corresponding values calculated between eastern colonies.
The degree of differentiation of the studied populations of H. pomatia at different loci estimated using the Nei model [35] showed a pattern similar to the AMOVA parameters. For instance, the proportion of interpopulation gene diversity in total diversity G st = 0.255, while the expected proportion of heterozygous genotypes in total population H T = 0.267 ± 0.030, and the value intrapopulation diversity averaged over all subpopulations was = 0.199 ± 0.017. It is known that the average G st values correspond to the level of genetic differentiation observed in the selectively neutral process. In this case, the loci with higher G st values most likely experience a disruptive selection, while the loci with low subdivision index values are affected by stabilizing selection [39] . According to the data obtained, the maximum differentiation between populations was observed at the UBC-809-16 (G st = 0.485), UBC-811-17 (G st = 0.760), and UBC-827-14 (G st = 0.470) loci, while the lowest differentiation was observed at the high molecular loci UBC-809-1 (G st = 0.009), UBC-811-1 (G st = 0.023), and UBC-827-1 (G st = 0.013).
It should be noted that our earlier analysis of the gene pools of five populations (sites 6-10) with two primers (UBC-827 and SAS-1) [27] showed that the average values of genetic heterogeneity parameters among these populations were higher than in the present study, both for the individual populations and in the average for all groups. However, the calculated s H average of means showed no considerable differences. A statistically significant difference was obtained only by the percentage of polymorphic loci (89.33 ± 5.71% versus 70.30 ± 3.60%). The level of differentiation of the five groups was lower (G st = 0.166, Φ st = 0.210).
The dendrogram of genetic distances and Debets polygons (radar charts) of the studied populations constructed using frequencies of q allele are shown in Figs. 3 and 4 . In some cases the data show a certain dependence of the degree of genetic similarity between populations on their geographical closeness, and it seems likely that, judging by this distribution, the relationships between adventitious colonies can be assessed. For instance, the Zhitomir and Kyiv groups appeared to be quite close (cluster 2). A single cluster also formed the populations belonging to the south of the Central Russian Upland (sites 2-8, cluster 1), which were divided into two groups. One group included the colonies living in Belgorod and Kharkiv, and the other group included the colonies from the city of Kursk and Belgorod oblast. The exception was only the snails from Moscow oblast (site 11, Bykovo), which also were placed in this group. However, the origin of this colony is unknown, and its relationships with more southern neighbors cannot be excluded.
Western groups from the Czech Republic (site 12), Slovakia (site 13), and Poland (site 14) (cluster 3) predictably have similar gene pools. The population from the city of Tver (site 1) was found to be genetically and geographically most distant from all other groups.
The sample clustering patterns are confirmed by the analysis of regression between the pairwise logarithm values of the gene flow between populations (logNm) and the logarithms of geographic distances between them (logD) (Fig. 5) . Using the Mantel test, an inverse relationship between these parameters (R m = -0.591, P = 0.0004, 9999 permutations) was established. It should also be noted that a similar result was obtained earlier using allozymes as genetic markers; however, the colony clustering patterns were somewhat different [25] .
We also calculated the effective size of the studied colonies of H. pomatia on the basis of the model proposed by Slatkin [40] , which is based on the equation of straight-line regression and the coefficients of the linear function between the pairwise estimates of gene flow (Nm) and geographic distance (D) between populations:
The effective population size (for all studied populations as a whole) is calculated as Ne = 10 a , where a is the coefficient obtained in the equation. The equation is shown in Fig. 5 . The calculation results are shown in Table 6 .
DISCUSSION
Given the fact that the westernmost of the studied populations living in the Czech Republic, Slovakia, and Poland can be considered as indigenous and located close to the center of the species range, it can be suggested that their genetic variability, comparable to that in eastern groups, probably indicates that, in the case of anthropochory, the traditional model implying the decrease in the allele pool in the peripheral groups of H. pomatia is disrupted. This phenomenon may be the result of unintentional chaotic introduction of snails (both single individuals and groups) into new territories. It is not excluded that part of the newly formed colonies quickly die out and do not become the objects of observation. At the same time, the surviving colonies after passing through natural selection and the stage of the so-called genetic revolution [44] have formed a balanced genetic system similar to central populations.
It should be noted in this respect that the performance the population genetic heterogeneity indices obtained earlier using allozymes did not correlate with those calculated on the basis of ISSR markers. In particular, the average values of the expected heterozygosity and the Shannon index were lower than the genetic diversity indices revealed by allozyme markers [25] . This fact points to the differences in genetic processes that take place at neutral and selectively important loci.
The observed high level of genetic differentiation in both western and eastern populations, probably, indicates that the previously expressed rule that intrapopulation diversity in the center of the range converts into interpopulation diversity at the periphery of the range [45] , in the case of adventitious groups of H. pomatia, is disrupted.
On the basis of sample clustering results and a regression analysis between the pairwise genetic and geographic distances, it can be suggested that the distribution of adventitious populations of H. pomatia in the study area is not random and corresponds to the model of isolation by distance, which is characteristic of the selectively neutral genes. In addition, this fact suggests the reduced role of stabilizing selection in the examined Roman snail groups [40] . It seems likely that the dispersal of this species, both natural and anthropochorous, occurs from the neighboring regions, and the oldest populations can serve as so-called dispersal bridgeheads. For example, given the fact that the colony from Kharkiv (site 8) has been known since the beginning of the 20th century [5] , it can be regarded as the maternal group that gave rise to the rest of the colonies from the south of the Central Russian Upland, 1 which are the members of one relative cluster no. 1 (Fig. 3) .
A comparison of the effective population size estimates of H. pomatia with similar data for Br. fruticum, Ch. tridens, and H. striata shows a clear increase in the values of this index in the group of Roman snail relative to other species (Table 6 ). At the same time, the computed confidence intervals show statistically significant differences only between populations of H. pomatia and Ch. tridens at the DNA markers. This result may also indirectly indicate that the effective sizes of adventitious Roman snail groups are comparable to those in indigenous species, both common and relic.
Thus, the data of the present study on the genetic structure of H. pomatia obtained on the basis of the ISSR point to the stable state of its gene pool in the more continental climate of Eastern Europe. These findings suggest further expansion of this species in different landscapes, which will be supported by the well-known features of the biology and ecology of these snails, including genetic polymorphism, unpretentiousness to nutrition, reproductive potential, resistance to pollutants of the urban environment, and effective compensatory genome reactions [37] . 
